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Summary
Objective: To examine racial differences in tibiofemoral joint (TFJ) and patellofemoral joint (PFJ) radiographic osteoarthritis in African-
American (AA) and Caucasian men and women.
Method: Multiple logistic regression was used to evaluate cross-sectional associations between race and tibiofemoral osteoarthritis (TF-OA)
and the presence, severity and location of individual radiographic features of tibiofemoral joint osteoarthritis [TFJ-OA] (osteophytes, joint space
narrowing [JSN], sclerosis and cysts) and patellofemoral joint osteoarthritis (PFJ-OA) (osteophytes, JSN and sclerosis), using data from the
Johnston County Osteoarthritis Project. Proportional odds ratios (POR) assessed severity of TF-OA, TFJ and PFJ osteophytes, and JSN,
adjusting for confounders. Generalized estimating equations accounted for auto-correlation of knees.
Results: Among 3187 participants (32.5% AAs; 62% women; mean age 62 years), 6300 TFJ and 1957 PFJ were included. Compared to
Caucasians, AA men were more likely to have TF-OA (adjusted odds ratio [aOR]¼ 1.36; 95% CI, 1.00e1.86); tri-compartmental TFJ and
PFJ osteophytes (aOR¼ 3.06; 95%CI¼ 1.96e4.78), and TFJ and PFJ sclerosis. AA women were more likely than Caucasian to have medial
TFJ and tri-compartmental osteophytes (aOR¼ 2.13; 1.55e2.94), and lateral TFJ sclerosis. AAs had more severe TF-OA than Caucasians
(adjusted cumulative odds ratio [aPOR]¼ 2.08; 95% CI, 1.19e3.64 for men; aPOR¼ 1.56; 95% CI, 1.06e2.29 for women) and were more
likely to have lateral TFJ JSN.
Conclusions: Compared to Caucasians, AAs were more likely to have more severe TF-OA; tri-compartmental disease; and lateral JSN.
Further research to clarify the discrepancy between radiographic features in OA among races appears warranted.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Radiographic tibiofemoral osteoarthritis (TF-OA) has been
reported to be more common in African-American (AA)
women than in Caucasian women1e3. Anderson and Fel-
son1 showed in their analysis of the ﬁrst National Health
and Nutrition Examination Survey (NHANES-I, 1971e75)
that AA women were about twice as likely as Caucasian
women to have radiographic TF-OA, while Sowers and
colleagues2 reported that peri-menopausal AA women
from Michigan were almost three times as likely to have*Address correspondence and reprint requests to: Joanne M.
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Carolina at Chapel Hill, 3300 Thurston Building, CB# 7280,
Chapel Hill, NC 27599-7280, USA. Tel: 1-919-966-0559; Fax:
1-919-966-1739; E-mail: Joanne_jordan@med.unc.edu
Received 27 January 2009; revision accepted 16 July 2009.
1554radiographic TF-OA as Caucasian women. Recent analyses
of the Third NHANES (1991e1994) showed that AAs were
almost twice as likely as Caucasians to have TF-OA3. We
recently reported that African-American men and women
were both more likely to have radiographic knee OA and
more severe TF-OA than Caucasian men and women4.
These studies1e4 examined racial differences in the pres-
ence of TF-OA using the KellgreneLawrence (KeL) score
and did not evaluate individual radiographic features or
the patellofemoral joint (PFJ). Although KeL grade remains
the most used and accepted score for epidemiologic stud-
ies, it emphasizes the presence of osteophytes, makes no
distinction between the medial or lateral compartment,
and assesses other individual radiographic OA features
(i.e., joint space narrowing [JSN], sclerosis and cysts) con-
jointly in the highest levels5e9. In addition, KeL grade also
excludes the analysis of the PFJ.
1555Osteoarthritis and Cartilage Vol. 17, No. 12We wondered whether the composite KeL classiﬁcation
might mask racial differences in the presence, severity,
and importantly, the compartmental and intra-compartmen-
tal location, of speciﬁc radiographic features that might elu-
cidate potential mechanisms, expose associations with
features having possible different etiopathogenesis, and
improve understanding of the observed racial differences
in TF-OA. Determining if race is a risk factor for only
some, or for all individual radiographic features in TF- and
patellofemoral joint osteoarthritis (PFJ-OA) would have im-
plication regarding understanding disparities in joint re-
placement and designing biomechanical and other
interventions to prevent or treat OA.
The main purpose of our study was (1) to examine racial
differences in radiographic features, their severity and loca-
tion, among AA and Caucasian men and women, consider-
ing TF-OA (KeL grade), individual radiographic features of
TF-OA (osteophytes, JSN, sclerosis and cysts) and PFJ OA
(osteophytes, JSN, sclerosis), and (2) to see if these differ-
ences were independent of age, body mass index (BMI),
history of knee injury, and educational attainment. This
extends our previous descriptive observations in KeL
TF-OA4 and is the ﬁrst racially balanced, population-based
study to evaluate racial differences in these outcomes in AA
and Caucasian men and women, and the ﬁrst study to
include description of PFJ OA in AAs.
MethodsSTUDY POPULATIONThe sample was composed of 3187 AAs and Caucasians participants
enrolled into the Johnston County Osteoarthritis Project, an ongoing popula-
tion-based prospective study of OA of the knee and hip in a rural North
Carolina County. Project design, protocol and subject recruitment were
described in detail elsewhere4,10. In brief, civilian, non-institutionalized Afri-
can-American and Caucasian individuals 45 years of age and older were re-
cruited by probability sampling of six townships in Johnston County between
May 1991 and December 1997. All participants had two interviewer-adminis-
tered home interviews, a limited clinical and functional examination, and
X-rays of the knees; women over the age of 50 years and all men also
underwent hip radiography. Height was measured without shoes and weight
with a balance beam scale. The study was approved by the Institutional
Review Boards of the Schools of Medicine and Public Health at the Univer-
sity of North Carolina at Chapel Hill and the Centers for Disease Control and
Prevention. Written informed consent was obtained from all participants
before the initiation of the interviews.RADIOGRAPHIC EVALUATIONAnterioreposterior TFJ knee radiography with weight-bearing was ob-
tained by standardized protocol. The protocol included a single radiograph
of both knees fully extended, with joint spaces radiographically open, andTable
Categorization of TF
Presen
TF-OA (K/L grade) No: 0¼ no OA; 1¼ questionable OA
Yes: 2¼mild OA; 3¼moderate OA
TFJ and PFJ osteophytes No: 0¼ absent
Yes: 1¼mild; 2¼moderate; 3¼ sev
TFJ and PFJ JSN No: 0¼ normal
Yes: 1¼ 33% abnormal; 2¼ up to 6
TFJ and PFJ sclerosis No: 0¼ absent
Yes: 1¼ present
TFJ cysts No: 0¼ absent
Yes: 1¼ present
*Odds ratios to assess the magnitude of association between race an
yProportional odds ratios for multiple categories to assess higher leveno rotation. A horizontal X-ray beam was centered between the right and
left patellas at the distance of 40 inches. Settings of 5 mA/s and 70 kVp
were used, depending upon the knee thickness. Sunrise PFJ knee radiogra-
phy view was added to the protocol after data collection had begun, and
therefore was performed on only a subset of participants (31%) examined af-
ter this procedure was incorporated. There were no differences in age, gen-
der, race, BMI, education level, or self-reported previous knee injury between
those who underwent PFJ radiography and those who did not. The PFJ pro-
tocol included a single radiograph of both patellas ﬂexed 45 with no femoral
rotation, with the participant in a sitting position. A perpendicular X-ray beam
was centered between the femoral condyles and the patella articular
surfaces. The distance between tube and ﬁlm was 40 inches. Settings of
5 mA/s and 60 kVp were used.
All radiographs were read by a single board certiﬁed bone and joint radi-
ologist (JBR) with expertise in musculoskeletal imaging. The radiologist was
blinded to each patient’s clinical history, physical examination and laboratory
results. Intra- (JBR) and inter-rater reliability between the study radiologist
(JBR) and a second radiologist in a subset of 163 knee and hip examinations
resulted in a Kappa statistics equal to 0.910.
KeL grade11 and individual radiographic features were assessed using
standard knee and PFJ atlases12. Among 3187 participants, a total of
6300 TFJ and 1957 PFJ knees were included in the analyses, after 74 knees
were eliminated due to underlying conditions such as rheumatoid arthritis,
amputation, total knee replacement, old knee fractures, surgically fused
knee or knees from participants who could not stand on their own.DEFINITIONS OF VARIABLES FOR ANALYSISDemographics and clinical variables
Participants were queried about their race, age, gender, education level
and history of previous knee injury. Self-identiﬁed race (AA vs Caucasian)
was the main exposure variable of interest. Potential confounders included
age and BMI (weight in kg/height in m2) each used as continuous variables.
Gender, previous knee injury (positive response to the question: ‘Have you
ever injured your right, left knee?’), and educational level (<12 years, 12
years) were treated as binary.
Outcomes: TFJ OA and radiographic features (Table I)
TFJ OA was scored for each knee as KeL radiographic grade with the def-
inition of TF-OA requiring a grade of at least 211. TFJ osteophytes and JSN
were scored semi-quantitatively (0e3) for medial and lateral compartments13.
Osteophyte location was evaluated at the medial and lateral compartments
individually and together (medial and lateral); within medial and lateral com-
partments, osteophyte location was further classiﬁed as tibial and/or femoral.
The rationale behind the last comparison was to evaluate in more detail our
preliminary observations that AAs were more likely to have osteophytes than
Caucasians. To determine the overall osteophyte score for each compart-
ment, the higher score of tibial and femoral sides was used. TFJ sclerosis
and cysts were scored as present or absent in each of the medial and lateral
compartments; the presence of concomitant TFJ sclerosis in both the medial
and lateral compartments was assessed as well.
PFJ radiographic features (Table I)
PFJ osteophyte severity was scored semi-quantitatively (0e3) in a similar
fashion to the scoring of TFJ OA. Location of PFJ osteophytes and sclerosis
was recorded for medial and lateral compartments, singly and together. TheI
J and PFJ OA
ce of OA* Severity of OAy
2, 3, 4
; 4¼ severe OA
1, 2, 3
ere
1, 2, 3
6% abnormal; 3¼ up to 100% abnormal
N/A
N/A
d radiographic features.
ls of severity.
1556 L. Braga et al.: Differences in radiographic features of knee OA in AAs and Caucasianshigher osteophyte score of the medial and lateral compartments was used to
determine an overall PFJ osteophyte grade. PFJ OA was deﬁned as the
presence of an osteophyte of at least grade 112. Isolated PFJ OA was
deﬁned as the presence of PFJ OA in the absence of TFJ OA. The presence
of tri-compartmental osteophytes was deﬁned as the presence of PFJ osteo-
phytes and medial and lateral TFJ osteophytes.STATISTICAL ANALYSESDescriptive statistics of TF-OA, and TFJ and PFJ individual radiographic
features and their location were calculated for the four race and gender sub-
groups. Because OA is more prevalent in women than men14, we stratiﬁed
our analyses by gender. Chi-square statistics were used to compare fre-
quency and proportion by race within genders. The Hochberg method15
was used to control Type I error inﬂation due to multiple comparisons across
outcomes within gender. Tests for interaction between race and the variables
age, BMI, educational level, and history of previous knee injury were per-
formed within gender sub-groups, and effect modiﬁcation was determined
to be present if the P-value of the interaction term was less than 0.10. Gen-
der-speciﬁc multiple logistic regression was used to assess the magnitude of
association between race and TFJ and PFJ outcomes, adjusting for age,
BMI, education level, and history of previous knee injury. The test for propor-
tional odds was conducted for multi-category outcomes in the logistic models
to assess the odds of TF-OA, osteophytes and JSN across levels of severity;
the proportional odds assumption was rejected if P-value< 0.05. Severity of
TF-OA, TFJ OA and PFJ OA radiographic features was assessed only when
the proportional odds assumption was supported and were reported as crude
proportional odds ratios (PORs) and adjusted cumulative odds ratios
(aPORs) and 95% CIs16,17. Generalized estimating equations (GEE) meth-
odology was used to provide logistic models which adjusted for the correla-
tion between pairs of knees for each individual using the GENMOD
procedure in the Statistical Analysis System (SAS; version 8.2 software,
SAS Institute, Cary, NC).Results
Demographic and clinical characteristics of the sample
stratiﬁed by gender are shown in Table II. Among the partic-
ipants, 62% were female and one-third AA. There were no
statistically signiﬁcant race differences in mean age among
men or women. AA women had a higher mean BMI than
Caucasian women, while this was not the case in men. AA
men and women were each more likely than their Caucasian
counterparts to lack a high school diploma. There were no
statistically signiﬁcant race differences in self-reported previ-
ous history of right or left knee injury in men or women.
Frequencies and proportions of TF-OA, TFJ JSN, sclero-
sis and cysts, and PFJ JSN and sclerosis are displayed in
Figs. 1 (men) and 2 (women). Table III shows similar fre-
quencies for osteophyte location. Results from multivariable
analyses are displayed in Table IV. In the multivariable
analyses, all associations were strengthened in men and
weakened in women after adjustment.KELLGRENeLAWRENCE GRADEAA men and women were approximately 35% more likely
than Caucasians to have radiographic TF-OA (aOR¼ 1.36;Table I
Characteristics of the study sample (N¼ 3187), the Joh
Caucasian
(N¼ 883)
Age Mean (SD) 61.3 (9.9)
BMI* Mean (SD) 27.3 (4.7)
Educational level, <12-years** N (%) 297 (33.8
Previous Right N (%) 103 (11.9
Injury Left N (%) 79 (9.1)
P-values between races: *P< 0.01 in women; **P< 0.001 in men and95% CI, 1.00e1.86 for men and crude odds ratios
[OR]¼ 1.34; 95% CI, 1.11e1.62 for women), but this racial
difference in women was no longer statistically signiﬁcant
after adjustment (data not shown). In addition, AA men
were twice as likely to have more severe TF-OA as Cauca-
sian men (aPOR¼ 2.08; 95% CI, 1.19e3.64), while AA
women had odds almost 60% higher than Caucasian
women across levels of severity (aPOR¼ 1.56; 95% CI,
1.06e2.29).OSTEOPHYTESAA men were more likely to have medial and the combi-
nation of medial and lateral TFJ osteophytes; lateral PFJ
and combined medial and lateral PFJ osteophytes; and
tri-compartmental TFJePFJ osteophytes than Caucasian
men. Similar racial differences in osteophyte patterns
were seen in the women, although only the associations
with medial TFJ osteophytes and tri-compartmental
TFJePFJ osteophytes remained statistically signiﬁcant af-
ter adjustment. AA women were signiﬁcantly more likely
than Caucasian women to have lateral TFJ osteophytes
as well (data not shown).
Regarding severity, AA men were 2.5 times, and AA
women twice, as likely as their Caucasian counterparts to
have more severe osteophytes at the medial TFJ compart-
ment (aPOR¼ 2.50; 95% CI, 1.42e4.38 for men and
aPOR¼ 1.98; 95% CI, 1.41e2.79 for women). AA women
were also more likely than Caucasian women to have
more severe osteophytes in the medial and lateral PFJ
compartments (aPOR¼ 4.70; 95% CI, 1.81e12.24 for me-
dial PFJ and aPOR¼ 2.57; 95% CI, 1.31e5.04 for lateral
PFJ). In addition, AA men and women were both more likely
than their counterparts to have medial osteophytes on both
the femoral and tibial sides of the joint and on the femoral
side of the lateral compartment (Table IV).JSNAA men and women were more likely to have lateral TFJ
JSN as their Caucasian counterparts (Table IV). There was
no racial difference in the frequency of medial TFJ JSN in
women (Fig. 2), but both AA men and women were 80%
more likely to have more severe JSN at the medial compart-
ment (aPOR¼ 1.71; 95% CI, 1.00e2.19 for men and
POR¼ 1.84; 95% CI, 1.28e2.64 for women before adjust-
ment). However, among women, the racial difference was
of borderline statistical signiﬁcance after adjustment
(aPOR¼ 1.77; 95% CI, 0.99e3.17). At the PFJ, there was
no racial difference in JSN in the men, while AA women
were 80% more likely to have lateral PFJ JSN than Cauca-
sian women (Table IV).I
nston County Osteoarthritis Project, 1991e1997
Men Women
African-American
(N¼ 325)
Caucasian
(N¼ 1269)
African-American
(N¼ 710)
60.4 (11.1) 62.0 (10.8) 61.6 (11.0)
27.5 (5.3) 28.6 (6.0) 31.4 (7.2)
) 174 (66.2) 457 (36.0) 360 (50.8)
) 25 (8.1) 121 (9.9) 62 (9.0)
28 (9.0) 122 (10.0) 53 (7.7)
women.
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Fig. 1. Proportion of tibiofemoral osteoarthritis (TF-OA), and TFJ and PFJ radiographic individual features in Caucasian and AA men.
*P-value< 0.01, **P-value< 0.001. yStatistically signiﬁcant after Hochberg correction for multiple comparisons.
1557Osteoarthritis and Cartilage Vol. 17, No. 12SCLEROSISAA men were twice to almost 4 times as likely as Cauca-
sian men to have sclerosis in multiple locations: medial TFJ
sclerosis (aOR¼ 1.82; 95% CI, 1.30e2.54); lateral TFJ
sclerosis (aOR¼ 3.86; 95% CI, 2.28e6.52); combined me-
dial and lateral TFJ sclerosis (aOR¼ 2.10; 95% CI,
1.52e2.90); lateral PFJ sclerosis (aOR¼ 2.17; 95%
CI¼ 1.19e3.96), combined medial and lateral PFJ sclerosis
(aOR¼ 2.25; 95% CI, 1.24e4.08), and isolated PFJ sclero-
sis (aOR¼ 2.72; 95% CI, 1.34e5.52). AA women were over
twice as likely to have lateral TFJ sclerosis (aOR¼ 2.63;
95% CI, 1.85e3.74) than Caucasian women; however, for
all other sclerosis outcomes, racial associations in women
were not statistically signiﬁcant after adjustment.0
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Fig. 2. Proportion of tibiofemoral osteoarthritis (TF-OA), and TFJ and P
*P-value< 0.01, **P-value< 0.001. yStatistically signiﬁcanCYSTSAA men and women were more likely to have medial and
lateral TFJ cysts than Caucasians as well, (aOR¼ 2.65;
95% CI, 1.64e4.28 for men and aOR¼ 1.66; 95% CI,
1.10e2.52 for women at the medial TFJ and aOR¼ 3.58;
95% CI, 1.20e10.69 for men and aOR¼ 4.37; 95% CI,
2.28e8.36 for women at the lateral TFJ).
There were no interactions between race and any of the
co-variates tested in any models.Discussion
Our study demonstrated racial differences in radiographic
knee OA, not limited to TF-OA deﬁned by overall KL grade,ial PFJ
SN
Lateral PFJ
JSN
Medial PFJ
sclerosis
Lateral PFJ
sclerosis
Medial cyst Lateral
cyst
ian
American
**
**
**
FJ radiographic individual features in Caucasian and AA women.
t after Hochberg correction for multiple comparisons.
Table III
Frequencies and proportions of TFJ and PFJ osteophytes by gender and race
Men Women
Caucasian
(N¼ 1766) Ny (%)
African-American
(N¼ 650) Ny (%)
P-valuez Caucasian
(N¼ 2538) Ny (%)
African-American
(N¼ 1420) Ny (%)
P-valuez
TFJ Medial Yes 513 (29.3) 238 (37.1) 0.001* 933 (37.4) 669 (48.1) <0.001*
No 1238 (70.7) 403 (62.9) 1561 (62.6) 721 (51.9)
Lateral Yes 357 (20.4) 147 (23.0) 0.177 526 (21.1) 373 (27.1) <0.001*
No 1391 (79.6) 493 (77.0) 1965 (78.9) 1004 (72.9)
Medial and lateral Yes 631 (36.1) 264 (41.4) 0.018* 1036 (41.6) 710 (51.6) <0.001*
No 1117 (63.9) 374 (58.6) 1453 (58.4) 667 (48.4)
Isolated Yes 55 (16.5) 15 (25.9) 0.085 80 (17.2) 38 (29.5) 0.002*
No 279 (83.5) 43 (74.1) 386 (82.8) 91 (70.5)
PFJ Medial Yes 219 (30.1) 38 (25.8) 0.304 148 (18.5) 96 (33.9) <0.001*
No 509 (69.9) 109 (74.2) 651 (81.5) 187 (66.1)
Lateral Yes 322 (44.4) 78 (53.4) 0.045* 275 (34.4) 132 (47.1) 0.001*
No 404 (55.7) 68 (46.6) 525 (65.6) 148 (52.9)
Medial and Lateral Yes 392 (54.0) 88 (60.3) 0.164 2071 (81.6) 1289 (90.8) <0.001*
No 334 (46.0) 58 (39.7) 467 (18.4) 131 (9.2)
Isolated Yes 223 (44.4) 42 (49.4) 0.393 142 (17.8) 50 (17.9) 0.97
No 279 (55.6) 43 (50.6) 657 (82.3) 230 (82.1)
TFJ
and PFJ
Tri-compartmental Yes 1469 (84.0) 595 (93.3) 0.001* 2103 (84.5) 1286 (93.4) <0.001*
No 279 (16.0) 43 (6.7) 386 (15.5) 91 (6.6)
*Statistically signiﬁcant after Hochberg correction for multiple comparisons.
yNumbers may not add up because of rounding and/or missing values.
zUnadjusted chi-square test.
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ity of the individual radiographic features of TFJ OA and
PFJ OA. AAs were more likely to have TFJ osteophytes,
and more likely for those osteophytes to be more severe
and to involve multiple compartments, and both sides of
the joint within compartments, than Caucasians. In the
PFJ, AA men were more likely to have both medial and lat-
eral osteophytes than Caucasians, and AA women had
more severe PFJ osteophytes at the medial and lateral
compartments. AA men were more likely than Caucasian
men to have TFJ and PFJ sclerosis; and AA men and
women were more likely to have cysts than Caucasians.
Importantly, racial differences were not limited to these fea-
tures, but also involved JSN. AAs were more likely to have
lateral TFJ JSN and more severe medial TFJ JSN. AAs
were more likely to have the lateral TFJ compartment
affected in some radiographic features than Caucasians.
The results concerning the frequency of TFJ OA from our
study differed somewhat from previous ones that examined
racial differences in TF OA1e3. Both the NHANES-I analysis
and the studies of pre- and perimenopausal women in Mich-
igan found AA women to have radiographic TF-OA much
more frequently than Caucasian women even after adjust-
ing for BMI and other factors1,2. In addition, NHANES III
data demonstrated that non-Hispanic blacks 60 years of
age or older had a higher prevalence of radiographic TFJ-
OA than non-Hispanic whites3. In our study, the racial differ-
ences in women were mostly explained by discrepancies in
BMI, but this was not the case in men. Despite their having
a similar, or even lower (difference not statistically signiﬁ-
cant), mean BMI, AA men were more likely than Caucasian
men to have radiographic TF-OA, and to have it be more
severe, suggesting another factor or factors powerful
enough to overcome the strong effect of BMI upon knee
OA. Possibilities include genetic differences, bone mineral
density (BMD), occupational physical demands, diet and
other lifestyle factors which can vary between racial and
ethnic groups and are risk factors for knee OA.How can we reconcile our ﬁnding that AA women did not
appear to have more frequent radiographic knee OA, once
BMI differences were controlled, with other studies? One
possible reason for these discordant results may be analytic
variation among the studies. Importantly, each of these
other studies examined BMI in different ways than in our
analysis. Anderson and Felson1 categorized BMI based
upon Metropolitan Life table of ideal weights, while Sowers
and colleagues2 deﬁned their BMI variable for analysis as
above or below the median. NHANES III study categorized
BMI in three levels (<25; 25e29 and 30 kg/m2)3. Our
study used BMI as a continuous variable. We suspect differ-
ences in control of confounding by BMI, study samples,
acquisition and interpretation of X-rays, and the selected
methodology to perform data analysis might explain dis-
crepancies among the results of the three studies and
ours. Variables adjusted in each analysis were also differ-
ent, with Anderson and Felson1 accounting for age, smok-
ing, uric acid, income, education, and marital status1;
Sowers and colleagues2 included age, injury and smoking
behavior. Dillon et al.3 adjusted for sex, age, race, BMI,
occupation, smoking status, education, and income.
NHANES-I and NHANES-III studies1,3 only included non-
weight bearing X-rays, and as pointed out by the
NHANES-III authors, their analysis might be biased due to
an underestimation of the presence and/or severity of TF-
OA. In addition, it was previously addressed that NHANES
I study showed an underestimation of the prevalence of
radiographic TF-OA reﬂected by under-read exams18.
Lastly, the statistical data analysis in our study was done
using GEE which evaluated the presence of TF-OA in
each limb independently; in contrast, the other studies con-
sidered the overall presence of radiographic TF-OA regard-
less of the affected limb1e3.
Crucial results from our study concern the individual
radiographic features of TFJ and PFJ OA. Here, AA men
and women were more likely to have TFJ and PFJ osteo-
phytes; and AA men were more likely to have TFJ and
Table IV
ORs and aORs and 95% CI for TFJ, PFJ and tri-compartmental TFJePFJ osteophytes for African American compare to Caucasians stratified by gender
Men Women
Crude OR (95% CI) Adjusted* OR (95% CI) Crude OR (95% CI) Adjusted* OR (95% CI)
Osteophytes TFJ Medial Femoral 1.76 (1.21e2.56) 2.08 (1.39e3.12) 1.85 (1.50e2.29) 1.53 (1.22e1.92)
Tibial 1.46 (1.15e1.86) 1.66 (1.28e2.14) 1.54 (1.30e1.82) 1.24 (1.03e1.49)
Femoral and tibial 1.99 (1.35e2.94) 2.37 (1.56e3.60) 1.90 (1.53e2.35) 1.57 (1.24e1.98)
Lateral Femoral 1.39 (0.92e2.10) 1.58 (1.03e2.43) 2.23 (1.72e2.90) 1.79 (1.33e2.40)
Tibial 1.15 (0.87e1.52) 1.34 (0.99e1.79) 1.31 (1.08e1.60) 0.95 (0.76e1.19)
Femoral and tibial 1.40 (0.87e2.26) 1.65 (1.00e2.72) 2.17 (1.63e2.88) 1.68 (1.22e2.32)
Medial and lateral 1.25 (0.99e1.58) 1.45 (1.13e1.87) 1.50 (1.27e1.77) 1.19 (0.98e1.43)
Isolated 1.77 (0.84e3.74) 1.99 (0.90e4.38) 1.97 (1.17e3.32) 1.53 (0.88e2.66)
PFJ Medial 0.80 (0.48e1.33) 0.97 (0.57e1.63) 2.25 (1.55e3.27) 1.42 (0.93e2.17)
Lateral 1.46 (0.94e2.26) 2.08 (1.27e3.42) 1.71 (1.21e2.41) 1.24 (0.83e1.84)
Medial and lateral 1.31 (0.84e2.41) 1.92 (1.16e3.18) 1.61 (1.15e2.25) 1.12 (0.75e1.66)
Isolated 1.23 (0.72e2.09) 1.83 (1.01e3.31) 1.38 (0.86e2.19) 1.18 (0.71e1.97)
TFJ and PFJ Tri-compartmental 2.64 (1.73e4.03) 3.06 (1.96e4.78) 2.61 (1.91e3.56) 2.13 (1.55e2.94)
JSN TFJ Medial 0.93 (0.71e1.22) 1.01 (0.75e1.35) 0.95 (0.79e1.14) 0.76 (0.63e0.93)
Lateral 1.79 (1.10e2.90) 2.19 (1.32e3.65) 1.77 (1.27e2.46) 1.48 (1.02e2.16)
PFJ Medial 1.24 (0.44e3.51) 1.40 (0.48e4.04) 1.18 (0.50e2.78) 1.28 (0.50e3.28)
Lateral 1.03 (0.49e2.15) 1.22 (0.59e2.54) 1.42 (0.88e2.28) 1.78 (1.05e3.02)
*Adjusted for age, gender, BMI, educational level and history of previous injury; statistically signiﬁcant adjusted results in bold.
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had more severe grades of TFJ osteophytes than Cauca-
sian men; while AA women had more severe grades of
both TFJ and PFJ osteophytes than Caucasian women.
Further, AAs were more likely to have osteophytes at both
femoral and tibial sides of the medial TFJ compartment.
Lastly, AA men were almost twice as likely to have tri-com-
partmental TFJ and PFJ osteophytes as Caucasian men.
Concordant with this racial difference in osteophytes, AAs
were also more likely to have sclerosis, another feature sug-
gesting the importance of bone in OA in this group. We can
speculate, but not prove at this time, that this exuberance of
osteophytosis in AAs may be related to higher BMD in this
group, earlier onset of disease among AAs, or a higher like-
lihood of progression through other processes related to the
pathogenesis of OA, such as possible differences in trans-
forming growth factor- b (TG-b). This factor is known to be
over-expressed in AAs19e22, and experimental studies
have shown that TGF-b is highly involved in the formation
and growth of osteophytes23e26. The biosynthesis of carti-
lage oligometric matrix protein (COMP), a non-collagenous
matrix protein, by synovial cells and articular chondrocytes
is also strongly induced by TGF-b27. We have previously
reported that AA women in our study were more likely to
have higher levels of serum COMP than Caucasian women,
and that serum levels of COMP were associated with radio-
graphic knee OA severity and multiple large joint involve-
ment with OA28,29.
Importantly, these racial differences in radiographic fea-
tures were not limited to osteophytes, cysts, and sclerosis,
but also included JSN, a strong predictor of joint pain and
the need for joint replacement30,31. AA men and women
were more likely to have lateral TFJ JSN, and more likely
to have more severe medial TFJ JSN than Caucasians,
although the latter ﬁnding was not statistically signiﬁcant
after adjustment in women. These results may be limited
by small numbers in higher grade categories.
We ﬁnd it intriguing that some of the individual radio-
graphic OA features were more likely to occur at the lateral
TFJ compartment in AAs compared to Caucasians. For in-
stance, AA men and women were more likely to have lateral
TFJ JSN than Caucasians, and AA women were more likely
to have lateral TFJ sclerosis than Caucasian women. Also,
the strength of race-cysts association was substantially
higher at the lateral TFJ compartment than medial TFJ com-
partment. Racial differences in hip anatomy32 or alignment
might be potential factors responsible for discrepancies in
the affected compartments, although results from our group
did not show racial differences in static knee alignment33.
Further research into racial differences in dynamic align-
ment or other processes, such as synovial inﬂammation
or rate of cartilage degradation, and with magnetic reso-
nance imaging, may elucidate potential explanatory factors
for these observations.
There are some potential limitations in our study. First,
the information about radiographic PFJ OA was present
only on a sub-sample of participants. Second, in the as-
sessment of severity of TF-OA, and higher grades of osteo-
phytes and JSN, some of the most extreme categories had
relatively small numbers; nevertheless, the test of propor-
tional odds was supported, suggesting the appropriateness
of these analyses and interpretation. Lastly, our study was
conducted in a relatively rural community where participants
may have a higher predisposition to develop arthritis, than
participants from urban studies10. However, our study sam-
ple had similar proportions of overweight or obese individ-
uals as the nation as a whole does currently34, suggestingthat our sample may indeed be generalizable beyond the
strict conﬁnes of the time-frame and areas sampled4.
In conclusion, racial differences in radiographic features
of knee OA extend beyond the mere presence at the TFJ
by crude radiographic grades, but include increased preva-
lence of PFJ OA and lateral and tricompartmental disease.
Racial differences in radiographic knee OA features might
be due to a constellation of pathophysiologic processes
and hopefully future research can explain this observed
discrepancy.Conﬂict of interest
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